Introduction
Although a large body of epidemiologic evidence links abdominal obesity with increased risk of many cardiovascular diseases (CVD), [1] [2] [3] [4] [5] [6] [7] [8] the mechanism for the association is not clear. Elevated total cholesterol and lipoproteins through atherogenic and thrombotic processes have been hypothesised in the association of abdominal adiposity with CVD.
at high risk of CVD solely on the basis of TC/HDL is at variance with evidence showing that up to 50% of subjects with CVD may have clinically acceptable values for these lipids. [13] [14] [15] [16] [17] Data also indicates that patients undergoing cholesterol-lowering treatments who achieve a significant decrease in low-density liproprotein-cholesterol (LDL-C) levels nonetheless carry risk for CVD. 18 Using polyacrylamide gel electrophoresis, data further suggest that patients with visceral adiposity often possess greater proportion of small, dense, cholesterol depleted LDL-C particles than total cholesterol and LDL-C. 19 Indeed, it has been estimated that patients with visceral obesity have 15-20% higher than normal plasma ApoB levels despite having normal total cholesterol and LDL-C. 13 Thus, ApoB concentration in abdominally obese subjects could be a more potent atherogenic marker for predicting CVD than conventional lipids.
Although the mechanism of action of TC/HDL and ApoB is not well understood, some investigators have postulated the action of these lipoprotein phenotypes in CVD is linked to visceral or abdominal adiposity by atherogenic and thrombotic mechanisms. 9, 10, 20, 21 ApoB is the protein moiety of LDL-C that provides estimates of circulating LDL-C particle numbers. Total plasma ApoB concentration also accounts for the number of triglyceride-rich lipoproteins (very low-density lipoprotein and intermediate-density lipoproteins).
11 TC/HDL has been speculated to be linked to CVD by its thrombotic action, while ApoB facilitates the delivery of cholesterol to peripheral tissue. 22 Despite differences in rates of abdominal obesity and risks for hypertension, the association of ApoB and TC/HDL with blood pressure in white and black American women has been studied minimally. In this study we aimed to compare the association of ApoB and TC/HDL with blood pressure in abdominally obese white and black American women. We also sought to determine if there are ethnic differences in blood pressure values that could be explained by differences in mean values of ApoB and TC/HDL.
Materials and methods

Data source
Data from the Third US National Health and Nutrition Examination Survey (NHANES III), as provided by the National Center for Health Statistics, were used in this investigation. The sampling and measurement procedures have been described in detail by other investigators. 23, 24 Briefly, NHANES III is a multistage probability sample of non-institutionalised US population groups defined and examined in two phases between 1988 and 1994. Only abdominally obese subjects identified as nonHispanic white and non-Hispanic black women who had no prior histories of hypertension or diabetes were eligible for this investigation.
This study was further confined to individuals aged 17-90 years for whom the variables, weight, height, waist, diastolic (DBP) and systolic (SBP) blood pressure, HDL-C, LDL-C, total cholesterol and ApoB were obtained. Weight was measured at a standing position using a Toledo self-zeroing weight scale. Height was measured at an upright position with a standiometer. Waist measurement was made at the natural waist midpoint between the bottom of the rib cage and above the top of the iliac crest, and to the nearest 0.1 cm.
Detailed methods used in measuring serum cholesterol, HDL-C and LDL-C have been described elsewhere. 25, 26 Cholesterol was measured enzymatically in serum or plasma in a series of coupled reactions that hydrolysed cholesterol ester and triglyceride to cholesterol and glycerol, respectively. ApoB was measured by radial immunodiffusion in the first 8.2% of the specimens and by rate immunonephelometry for the remaining. 27 Three blood pressure measurements were obtained from each subject using a standard mercury sphygmomanometer at a 60-second interval between inflation cuffs. The average of the three readings was utilised for this analysis. Smoking and alcohol intake were assessed by self-report. Current smoking was defined as having had at least one cigarette in the last 5 days and categorised as 1 and 0, for current smokers and non-smokers, respectively. Alcohol use was defined as drinking 1 or more alcoholic drinks in a day, and was also graded dichotomously.
Definition of terms
Abdominal obesity: Abdominal obesity was defined as waist circumference (WC) of 88 cm or greater. 28, 29 Due to the degree of correlation between body mass index (BMI) and WC, it is often difficult to differentiate the roles of these obesity phenotypes without imaging techniques such as magnetic resonance or computerised tomography. Imaging techniques are, however, impractical in large-scale field epidemiology because they are arduous and expensive, and their use carries risk of radiation. In this study BMI adjusted abdominal obesity was defined as WC larger than expected from BMI predicted WC value (measured WC minus circumference predicted from their BMI). 30 Predicted WC values were derived from linear regression of WC on BMI. 30 The residuals were obtained from WC = 2.31*BMI + 30.60, r 2 = 0.73. Thus, subjects having positive residual values were also classified as abdominally obese.
Statistical analysis
Statistical programmes available in SPSS for Windows were utilised for this analysis. 31 Because of the complex sampling method used for NHANES III, variance estimates were obtained using WesVarPC statistical programme. 32 Ethnic differences for continuous and categorical variables were assessed with the Student's t-test and 2 statistics, respectively. Pearson's correlation analysis was used to quantify the degree of linear correlation of ApoB and TC/HDL with blood pressure and other lipids. To investigate ethnic differences in blood pressure values attributable to ApoB or TC/HDL, dummy variables were used to compare blacks with whites fitted in multiple regression models, adjusting for age, total cholesterol, alcohol intake and smoking. Multiple linear regression analysis was used to assess the independent contribution of ApoB and TC/HDL to blood pressures, among individuals with abdominal obesity defined as WC у88 cm (Model I) and among subjects meeting abdominal obesity criteria of WC larger than expected (Model II). In both models, adjustment were made for age, total cholesterol, alcohol intake and smoking. The traditional P Ͻ 0.05 was used to indicate statistical significance.
Results
The basic anthropometric and clinical characteristics of the 1844 eligible abdominally obese subjects as defined by WC у88 cm are shown in Table  1 . As expected, mean values for total cholesterol and LDL-C in these abdominally obese women were higher than clinically acceptable values. The mean values of TC/HDL were also above the clinically acceptable value of less than 3.5 mg/dl. There were significant ethnic differences for most anthropometric and clinical variables. White women tended Abdominal obesity was defined as waist circumference of 88 cm or greater; TC/HDL, ratio of total cholesterol to HDL-cholesterol; Hypertension was defined as diastolic blood pressure (DBP) у90 mm Hg and systolic blood pressure (SBP) у140 mm Hg.
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to be older and presented with significantly higher values of LDL-C and ApoB (P Ͻ 0.001). Black women were heavier as determined by weight and BMI (P Ͻ 0.001). Black women also had significantly higher HDL-C concentration and SBP values compared to white women (P Ͻ 0.01). There were statistically significant differences in the prevalence of alcohol use and smoking (P Ͻ 0.01). The prevalences of alcohol intake and smoking were 54.2% and 26.6%, and 45.5% and 35.3%, in whites and blacks, respectively. There was no statistically significant difference with respect to the prevalence of hypertension, as defined by SBP у140 mm Hg or DBP у90 mm Hg in the two groups. We examined the bi-variate relationships of ApoB and TC/HDL with age, weight, BMI, blood pressure, and other lipids ( Table 2) . A statistically significant positive correlation existed between ApoB and LDL-C, age, BMI, DBP and SBP, while a negative correlation existed between ApoB and HDL in both white and black women (P Ͻ 0.05). A positive correlation between TC/HDL and total cholesterol, weight and DBP, and an inverse relationship with HDL and age was observed in whites and blacks. The degree of correlation of ApoB and TC/HDL with DBP and SBP tended to be higher for blacks than whites.
In order to determine whether ethnicity was associated with higher values of ApoB and TC/HDL, independent of other factors, ethnicity, blood pressure, age, total cholesterol, alcohol intake, and smoking were tested in multiple linear regression models using ApoB and TC/HDL as dependent variables. We also compared model I and model II, representing abdominal obesity defined as WC у88 cm and as WC larger than expected, respectively (Table  3) . Dummy variables were used to compare blacks with whites. In both models that included DBP and SBP, blacks were negatively associated with ApoB, independent of other factors (P Ͻ 0.05). A similar inverse association of blacks with higher TC/HDL values, relative to whites, was also observed (P Ͻ 0.01).
The results of regression model I showed that black ethnicity accounted for total variations in ApoB that ranged from 6.8% to 7.4% in models that adjusted for DBP or SBP. The corresponding values for model II ranged from 1.3% to 4.5%. The total variation in TC/HDL due to black ethnicity was approximately 80% adjusting for DBP or SBP.
Multiple linear regression models (Table 4) were computed to determine whether differences in ApoB or TC/HDL were associated with ethnic differences in blood pressure after also controlling for age, cholesterol, alcohol intake and smoking. For model I, in both whites and blacks, ApoB was positively associated with increased values for DBP and SBP (P Ͻ 0.01). Model II also indicated a positive association of ApoB with increased DBP and SBP (P Ͻ 0.01). Among whites in model I, an approximately 0.5 mg/dl increase in ApoB was associated with a 1 mm Hg increase in DBP and SBP in whites. The The results of the regression models showed that ApoB accounted for a higher total variation in SBP in both whites and blacks compared to DBP. The values for model I were 24.2% and 23.8% for blacks and whites, respectively, and for model II 24.3% and 23.1% for blacks and whites, respectively. A similar higher total variation was observed in TC/HDL for SBP. The respective values for whites and blacks were 23.8% and 23.4%, and 23.6% and 23%, for model I and model II, respectively.
Discussion
Ideally, abdominal obesity is best assessed with imaging techniques. In this study, WC was employed as the anthropometric surrogate of visceral adiposity. We chose to use WC because of its much stronger correlation with visceral adiposity rather than waist-to-hip ratio or BMI. 33 Visceral adiposity is the component of body composition that is most highly associated with many metabolic abnormalities such as hypertension, glucose intolerance, hyperinsulinaemia, hypercholesterolaemia, hypertriglyceridaemia, and high levels of low-density lipoprotein cholesterol. [34] [35] [36] [37] [38] The WC cut-point utilised for abdominal obesity is in line with the recommendation by the National Institute of Health (NIH) expert panels and others for identifying increased relative risk for obesity related comorbidities for most adults. 28, 29 Elevated ApoB is the most prevalent dyslipidaemia, accounting for 45% of patients who developed IHD in the Quebec Cardiovascular Study. 39 Comparing the various lipoprotein phenotypes in a prospective study, Kwiterovich et al, 40 reported hyperapobetalipoproteinemia to be the most prevalent condition associated with CVD. In a study by Lamarche et al, 39 subjects with hyperapobetalipoprotein dyslipidaemia with or without elevated triglycerides had a three-fold increased risk for IHD, compared with controls. Controlling for triglycerides, HDL cholesterol, or TC/HDL did not eliminate the relationship between ApoB levels and IHD. 39 In this report we used the US national survey to examine the association between ApoB and TC/HDL with blood pressure in abdominally obese women. Elevated ApoB was found to be positively associated with increasing DBP and SBP in blacks and whites. This finding was independent of age, total cholesterol, alcohol intake and smoking. Elevated TC/HDL was also found to be associated with DBP and SBP in white abdominally obese women. In this group of abdominally obese women, whites were found to have higher values of DBP and SBP at the same value of ApoB and TC/HDL than blacks, adjusting for confounding variables.
Our finding suggesting that ApoB is more strongly associated with elevated blood pressure than TC/HDL is supported by the results from the Quebec Cardiovascular Study. 41 In the Quebec CardiovascuJournal of Human Hypertension lar Study, Lamarche et al 11, 12, 39, 41 found ApoB to be better in assessing IHD risk than conventional lipids such as, LDL, HDL and TC/HDL. Thus, because it may provide information that would not be obtained from the conventional lipid-lipoprotein profile, ApoB may prove to be regarded as a more useful tool in the assessment of CVD risk.
The NHANES III data used for this study represents the best available data since the sampling scheme was national representative in scope. The training programme and quality control measures instituted in NHANES III give added credence to the data. However, some limitations must be taken into account in the interpretation of results from this study. First, bias due to survey non-response and missing values for some variables cannot be ruled out. However, previous studies of National Health and Nutrition Examination Surveys have shown little bias due to non-response. 42 Second, because of the high correlation between WC and BMI it was impossible to adjust for BMI using traditional regression techniques. Hence, alternate approach using regression residuals derived from regression of WC on BMI, 30 was also used to define abdominal obesity. In cross-sectional studies, residuals provide a reasonably simple method for evaluating independent contributions of highly correlated parameters. 30 The validity and reliability of this measure against imaging techniques such as MRI warrants further investigation. Third, this study did not consider physical activity factors. There is large body of evidence demonstrating that ApoB and other lipoproteins level can be altered by physical activity. 43, 44 Fourth, although some evidence suggest ApoA1, which coats for HDL-C, to be a better predictor of
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CVD than HDL-C, 45 we did not assess the correlation between ApoA1 and hypertension in this study. Further study assessing the correlation of ApoA1, and especially ApoB/ApoA1 ratio with hypertension is warranted.
In conclusion, although epidemiological evidence provides credence for association between TC/HDL and CVD, results from this study indicate ApoB to be a stronger risk factor in abdominally obese women. Since ApoB is associated with hypertension, the combination of elevated ApoB and hypertension may identify a group of patients with more marked risk of CVD, thus, warranting further investigation.
